Abstract -The epipolar geometry restoration offline and online for the parallel binocular vision system were discussed in this paper. For the former, a method that uses a common calibration board to realize automatic and accurate matching of the image corner pairs was developed; for the latter, a connotative constraint was proved by geometry theory and the corresponding cross-correlation sparse matching algorithm was introduced. The constraint was that for any space point projected into two images, the horizontal coordinate in the left image of this point is bigger than that in the right image. Standard and real images experiments were made for each kind of problem and the results show that the algorithms for each problem were valid.
I. INTRODUCTION For a pair of related views obtained from binocular vision system, the epipolar geometry provides a complete description of relative camera geometry. It can be computed from a certain number of point correspondences obtained from the pair of images independent of any other knowledge about the world. Epipolar geometry can be represented by a fundamental matrix (F matrix) , dimension of which is defined as 3 x 3 and rank of which is 2. Apart from scene reconstruction, the fundamental matrix may also be used for many other tasks, such as image rectification, computation of projective invariants, outlier detection, and stereo matching [1' . The key point of epipolar geometry restoration lies in finding a stable and accurate estimation algorithm of the F matrix. Zhang [2] discussed the classic methods of estimation algorithm of the F matrix. According to whether the optical axis of two cameras is parallel or not, a binocular stereo vision system can be divided into two categories. The The parallel binocular vision system is characterized by its parallel optical axis of two cameras. Figure 1 shows the configuration of the parallel binocular vision system. There exists only translation between two cameras along the x direction, where the translation b is the length of baseline. Under the ideal camera configuration, two epipolar lines should be collinear. While, it is not true in practice due to some reasons such as the inaccurate installation of the cameras, the lens distortion and so on.
A. Corner Detection and Matching A method using common calibration board to restore the epipolar geometry is presented here. This method needs some heuristic information about corners such as the corners' distribution area. This can be achieved by Man-machine interaction. A rectangle draw by moving the mouse on one image containing the corners is enough. There are 48 corners in the rectangle area in one position, and the corners must be extracted from different positions which can be realized by moving calibration board front and rear at least 8 positions. Thus, the corners distributes widely in space, and the degeneration problems (including case of homography and illposed fundamental matrix) caused by the corners coline or coplanarity can be avoided [4'. 96 corners in two images to be matched automatically and accurately, the result is shown in Fig 3. 
B. Estimation of the Fundamental Matrix
The eight-point algorithm put forward by LonguetHiggins"'5 and the improved eight-point algorithm put forward by HartleyL1aare the foundation of F matrix estimation. Nonlinear iterative optimization algorithm is adopted here in order to achieve higher estimation accuracy.
As shown in Fig 1, 
Equation (1) and (2) represent the distance from the point mi and mi to its corresponding epipolar line respectively.
Equation (3) is the epipolar line equation residue. Then the estimation of fundamental matrix is converted to solve the minimal value of equation (4) The corresponding nonlinear iterative optimization algorithm is as follows:
(1) Calculate the initial value of fundamental matrix by Longuet -Higgins' eight-point algorithm using all corners.
(2) Take the initial value of fundamental matrix into equation (4) 
Where equation (7) Ul > U2 is always true. This theorem is the base of the following cross-correlation algorithm. In order to use this constraint in the following matching process, we should adjust the binocular vision system in practice and make it close to the ideal parallel binocular vision system. The calibration board used in adjustment is perpendicular with one camera's optical axis and then the position of another camera is adjusted until any line on the calibration board in any image is almost parallel with the camera's scan line. As is shown in Fig 2, line AB is almost parallel with the horizontal scan line and line AC is almost parallel with the vertical scan line.
B. Realization of the Sparse Matching Algorithm
Algorithm is as follows:
(1) Input two images, extract corners and save the results in two dynamic arrays. Set the global circle variable "I" to be zero. The correlation score employed as a similarity measure has useful properties. Firstly, it is insensitive to variations of the image intensities. Secondly, value range restricted to [-1,1] , which allows the selection of a proper threshold.
Number -1 represents two correlation windows are not similar at all; number 1 represents identical. In our implementation, n = m = 3 for the correlation window, a threshold of 0.8 on the correlation score is used.
The accurate matches are not always the ones who have the highest correlation score, thus finding matching candidate only through left-to-right or right-to-left may introduce false matches. The cross-correlation technique can be effective for reducing the false matches'7'. Only the matches that agree in both directions are accepted. The relaxation algorithm and LMedS algorithm we adopted here are the same with those described in detail in paper [4] .
IV. EXPERIMENT RESULTS A. Experiment Conditions
Images of calibration board and real scene were acquired with two new IPX-2M30 black and white cameras, two AVENIR-2.8mm focal length TV lens (as shown in Fig 2) and two 1t tronl2. 5mm focal length TV lens (as shown in Fig 5, 8 and 9) . The camera has a resolution of 1600X1200 pixels. The digitized images are sized 400x300 pixels. Two cameras are fixed in a steel box which allows to adjusting the length of baseline. The calibration board is moved to 7 positions, 336 corners in total are detected. All of them are used to calculate F matrix. The average epipolar line equation residue and average epipolar distances can be found in table 1. As the distortion of the lens is relative small, the epipolar lines are almost parallel with each other and coline with the scanning beam of the camera. Among the 6 points in Fig 7, corresponding epipolar distances are all smaller than 0.3 pixels.
(2) The results of online We use two groups of standard test images downloaded from the Internet and two groups of real images taken by our parallel binocular vision system. As to the standard test images, they are acquired by taking from a stereo-scopic system or a single horizontal moving camera. At this point, the deduced connotative constraint Ul > U2 can be satisfied, our algorithm is effective. In Fig 8 the Rock) of images are all less than 0.5 pixel. The accurate ratio of the coarse matches and accuracy of epipolar geometry restoration from standard images is higher than that from real images taken by our device. This is mainly caused by the quality of the cameras. Colour shift of the cameras influences the quality of the imaging which leads to colour difference of two cameras for the same scene and lowers the accurate ratio of the matches. The accurate matching corners detected in Mars Rock are relative spare for its simple background which inversely influences the epipolar geometry restoration accuracy. In Fig 9, the epipolar lines of all images are almost parallel with the camera scan beam, especially for the ones in real images which shows the result of cameras adjustment in section III is acceptable and our algorithm still works.
Furthermore, we compare our algorithm with Zhang's algorithm. Suppose the image width = 400 and the image height = 300. As the searching space is concerned, Zhang Where (ul, v1) and (u2, v2 ) represent the image coordinate of any space point in two images. The search area of our algorithm is sized by 4x200 at most and less than 1/150 of the original image size. As the algorithm's speed is parallel with the searching space, the time consuming of our algorithm is 1/ 38 times as big as that of Zhang's algorithm.
In table 1, the number of false matches gotten by Zhang' s algorithm is bigger than that gotten by our algorithm, this is mainly caused by the bigger searching space containing more similar gray-level candidate points of Zhang's algorithm. The big searching space increases the chances of false matching. Fig. 9 Results of epipolar geometry restoration using all matched points V. CONCLUSION Two kinds of methods discussed in this paper are all effective in fundamental matrix estimation of parallel binocular vision. Epipolar restoration offline can be more accurate, while restoration online can be more usually used in real time application. Experiment results with the images from Internet and the images taken by our device confirm the validity of the methods and corresponding algorithms. The fundamental matrix obtained from restoration offline or online all can be applied into image rectification, outlier detection and stereo matching. Meanwhile, the method used in offline problem is more helpful to improve the accuracy of the subsequent stereo matching and three-dimensional reconstruction.
